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以褐黄孢链霉菌 ATCC 13326 为出发菌株进行摇瓶发酵，其纳他霉素的发酵
产量为 2.68 g/L。经琼脂块法筛选获得一株高产菌株(54 号)，其摇瓶发酵产量为
2.95 g/L，将该菌株进行链霉素抗性筛选， 终选育出一株高产纳他霉素的突变
株 N-24。该菌株在未优化条件下的纳他霉素摇瓶发酵产量为 3.52 g/L，比 54 号
出发菌株的发酵产量提高了 19.3%。经验证，菌株 N-24 的遗传性能十分稳定。
接着考察了种龄、接种量、发酵培养基初始 pH、温度、装液量及添加前体等对
褐黄孢链霉菌 N-24 摇瓶发酵合成纳他霉素的影响。经优化确定 适培养条件为：
接种时间为40～44 h，接种量为10%，初始pH 7.3，温度28 ℃，装液量为30 mL/300 
mL，转速 200 rpm，培养时间为 120 h，在发酵 24 h 时加入 0.6%的丙酸钠。该条
件下菌株 N-24 摇瓶发酵生产纳他霉素的产量可达到 6.87 g/L，比其未优化条件
下的产量(3.52 g/L)提高了 95.2%。 
以菌株 N-24 为生产菌株，进行了 10 L 发酵罐放大研究。发酵罐中的纳他霉
素产量可达 8.34 g/L，比摇瓶发酵产量(6.87 g/L)提高了 21.4%。以 10 L 发酵罐发
酵的实验条件为依据，进行了 50 L 发酵罐放大研究，其产量为 8.0 g/L。 
此外，本论文还对纳他霉素的提取工艺进行了初步研究。确定的 佳提取条
件为：加入 6 倍质量于干菌丝的 75%乙醇，pH 11，37 ℃萃取 5 h。二次提取后
萃取液中纳他霉素提取收率为 90.4%。萃取液经过活性炭脱色后，将 pH 值调整
至 5.5～5.7 之间，在 10 ℃结晶 24 h，其结晶率达到 80%， 终纳他霉素收率达


















Natamycin is one of the kinds of macrolide antibiotics with 26-membered ring 
polyene structure. Natamycin is predominantly a strong, broad-spectrum antifungal 
agent. However, the yield of natamycin at present is very low, so the application of 
natamycin is limited severely due to the high cost of production. Therefore, it is of 
great importance to enhance the research and development of production process. In 
this work, a high natamycin production strain was selected and mutated for natamycin 
production. The medium composition and fermentation conditions were optimized 
and the separation technology of natamycin was developed. The major research 
coments and results are as follows. 
Streptomyces gilvosporeus ATCC13326 was used as a starting strain. A strain No. 
54 with high natamycin production was screened out by Kirby-Bauer method, and the 
concentration of natamycin reached 2.95 g/L in shake flask culture. A mutant strain 
N-24 with higher natamycin production was selected after the strain No. 54 was 
treated with Streptomycin. In shake flask cultivation a natamycin concentration of 
3.52 g/L was achieved under the same cultivation conditions, which was 
approximately 1.19 times higher than that could be obtained by the strain No. 54, and 
the investigations show that the strain is genetically stable.  
The effects of cultivation conditions such as seed age, inoculum, medium volume, 
initial pH value, temperature and addition of precusors on natamycin production by 
Streptomyces gilvosporeus N-24 were investigated in shake flask culture. The 
optimized cultivation conditions were as follows: initial pH 7.3, age of inoculum 40～
44 h, inoculum level 10%, working volume 30 mL/300 mL, temperature 28 ℃, and 
cultivation time 120 h. Adding 0.6% sodium propionate into the broth at 24 h of 
cultivation significantly improved the natamycin production. Under the above 
conditions 6.87 g/L natamycin was produced by the strain N-24 in shake flask 
cultivation, which was 95.2% higher than that obtained at initial conditions (3.52 g/L).  
Fermentations in a 10 L bioreactor showed that even higher natamycin 















was 21.4% higher than that in shake flask culture (6.87 g/L). Scale-up fermentations 
in 50 L bioreactor indicated that the natamycin concentration of 8.0 g/L could be 
obtained at the optimized operating conditions.  
The influence of pH value on natamycin solubility was studied. It was found that 
the mimimum solubility of natamycin was obtained at pH 6.5～7.5, and the solubility 
of natamycin was remarkably increased out the pH range of 6.5～7.5, especially at pH 
above 9.0 or below 4.5. The optimized extraction conditions were as follows: 75% 
ethanol, the ratio of 75% ethanol to the dry cell weight 6:1 (w/w), pH 11, temperature 
37 ℃, and the extraction time 5 h. 90.4% natamycin was extracted after the second 
extraction. The extraction solution was decolorized with activated carbon, followed 
by crystallization for 24 h at 10 ℃ and pH range of 5.5～5.7, and the crystallization 
rate reached 80%, resulting a final recovery rate of 70%. Natamycin content could 
reach 90.2% in the product. 
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favus；寄生曲霉 A. parasiticus；赭曲霉 A. ochraceus 等)产生的真菌毒素，如黄曲


































质。1957 年，Surtky 等称这种新的抗真菌药物为 Pimaricin (匹马菌素)。1959 年，
Burns 等人在美国的田纳西州的 Chattanooga 的土壤中分离得到了一株恰塔努加
链霉菌(Streptomyces chatanoogensis)，并从其培养物中分离到了 Tennecetin(田纳
西菌素)。此后的研究证明匹马菌素和田纳西菌素都为同一种物质，并被世界卫




晶水。分子结构式如图 1.1 所示。由图可知，纳他霉素具有一个 26 元的内酯环，
环外有一个糖苷键连接的碳水化合物基团，即氨基二脱氧甘露糖(Mycosamine)，
分子中还含 4 个共轭双键的多烯发色团，其中四烯系统是全顺式。 
 
图 1.1  纳他霉素的结构图 
Fig 1.1 Structure of natamycin 
 
纳他霉素是一种两性物质，分子中有一个碱性基团和一个酸性基团，电离常

















度为 30～100 mg/L，在中性 pH 下溶解度 低，但随着 pH 降低或升高而增加；




表 1.1 纳他霉素在各种溶剂中的溶解度 
Table 1.1 Solubility of natamycin 
溶   剂                          溶解度(g/100 mL) 
水                               0.005～0.01 
        乙醇                                0.01 
    乙醇 80%-水 20%                         0.07 
       丙二醇                               1.4～2.0 
        甲醇                                3.3 
二甲基甲酰胺                            5.0 
冰醋酸                               18.5 
 
纳他霉素的紫外光谱如图 1.2 所示，在 303 nm 处有 大吸收峰，280 nm 处




















图 1.2 纳他霉素的紫外光谱 










2) 适用的 pH 范围广 
纳他霉素在 pH 3～9 中具有活性，与常用的山梨酸钾等防腐剂相比，适用
pH 范围更宽。而山梨酸钾属于酸性防腐剂，适宜在 pH 5～6 的范围内使用，其
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